Introduction
The blade implant was devised by the ingenuity of L.I.L. and Ralph Roberts, but it was L.I.L. who first introduced it in clinical practice. After presentation of his implant to the Scientific Community in 1967, the following year he started to publish the results of studies on these implants to treat edentulism 1, 2 . Since then, thousands of patients have undergone prosthetic rehabilitation procedures with this type of implant.
Given its reduced thickness of ~1.6 mm, the blade implant is specifically indicated in the case of atrophic ridges, where conical or cylindrical implants cannot be placed without prior regenerative procedures [3] [4] [5] . The blade implant makes it possible to achieve the so called 'tricorticalism', i.e., contact with the inner, outer and basal cortical bone.
The original blades of L.I.L. had a pre-fabricated fixed abutment, which differed according to the region in which the implant had to be inserted.
In 1972, Ugo Pasqualini 6 presented a 'polymorphic' blade implant with a screw-in abutment, which could be adapted to the anatomical conditions most commonly found in clinical practice (Figures 1 and 2 ). Regarding the implant shape and the prosthetic components, in the following years, many authors presented 'variations on the theme', thus proposing different types of emergent, semi-emergent or buried implants 7, 8 . The choice between immediate or delayed loading protocol is related to the bone quality of the implant site 9, 10 . This paper discusses the blade implant used in the rehabilitation of atrophic ridges.
Blade implants in the rehabilitation of severely atrophic ridges

Methodology
The authors have referenced some of their own studies in this methodology. These referenced studies have been conducted in accordance with the Declaration of Helsinki (1964) , and the protocols of these studies have been approved by the relevant ethics committees related to the institution in which they were performed. All human subjects, in these referenced studies, gave informed consent to participate in these studies.
During the period between 1989 and 2013, in five Italian private dental centres around 1,000 patients were treated with blade implants whose post-operative and long-term course has been monitored. Average age of the patients was 58.2 years; female patients were 63.1%, while male patients were just 36.9%. Surgeons have used 605 blade implants in 518 anatomical sites. Each inserted implant was monitored over time.
Before treatment, the clinicians informed patients about the surgical procedures. A careful clinical history was performed to determine the general health status; radiographic (x-rays intra-oral and orthopanoramic) and CT scans were performed when indicated.
The protocol for placement of blade implants was:
• Creation of a flap wide enough to allow good visibility of the bone ridge; • Drilling of a series of small holes in the alveolar ridge;
• Connection of the drilled holes while preparing the implant site, the depth of which should be consistent with blade height; • Adjustment of the inclination of the abutment with respect to the antagonist tooth; • Adaptation of the implant shape to anatomical conditions, where necessary; • Proper placement of the blade in the osteotomy, with the implant shoulder 2 mm below the surface of the alveolar ridge.
The technique 11 requires instruments for minimally invasive surgery and, in some cases, the use of piezosurgery. Pneumatic tools can also be employed in order to achieve optimal press-fit conditions.
Using a multi-blade drill with a diameter of 0.9-0.1 mm, cooled with saline solution, a series of holes were prepared on the alveolar ridge ( Figure 3 ), which connected to create the implant site ( Figure 4 ). An alternative method entails the use of a piezoelectric knife. In very thin ridges, the use of bone chisels to prepare the implant site can help preserve the bone tissue. The mesiodistal width of the implant site should be consistent with the size of the selected blade, based on the patient's morphological conditions.
In the case of the D3 or D4 bone, the implant site was slightly underprepared, in order to increase immediate stability. Multi-blade drills (009L and 700XXL) mounted on a high-speed handpiece were used to create the implant site. The clinicians prepared the holes with slow movements of the wrist, following the ridge anatomy. Depth of the implant site should not exceed the minimum safety distance from important neighbouring anatomical structures.
After creation of the osteotomy and before implant insertion, it is advisable to check the depth of the site using a probe with 1-mm scaling marks. Implant placement was performed with a pair of pliers, while depth insertion was achieved by light percussion on the implant shoulder using a suitable tool ( Figure 5 ).
Once placement has been completed, the implant shoulder was located below the alveolar ridge to create favourable conditions for proper healing ( Figure 6 ) and assure adequate biological width around the abutment neck, which ensures a long lasting seal around the emerging part of the implants, that you can check by periodical x-rays.
When the abutment was not aligned with the antagonist tooth, it was bent up to 20° before insertion in order to achieve a more favourable position. Sutures were placed so they surround the emerging abutment in respect to the morphology of the papillae (Figure 7) . The emerging portion of the implant abutment was shielded from any trauma from the teeth, prosthetic structures and soft tissues. Blade implants were immediately loaded when there was a satisfactory primary stability ( Table 1) .
The static and dynamic occlusal check was performed both during the temporary prosthetic phase and after placement of the final prosthesis. In normal conditions, we recommend a 1:1 clinical crown/clinical root ratio, while, in the case of reduced ridge height, a clinical crown/root ratio > 1:1 is advisable (Figure 8 ).
The definitive prosthesis ( Figure 9 ) should not have a cantilever extension, to avoid the risk of implant neck fracture or peri-implantitis due to occlusal trauma. For the treatment of lower posterior sectors in the presence of low-density bone, we used variations of the original technique like the technique named 'endosseous distal extension' (Figure 10 ). This technique devised in 1993 and The osteotomy is prepared mesially to the final implant site and the blade is rotated and pushed distally, until the abutment reaches the distal end of the implant site (Figure 12 ). This way, the implant will be almost completely buried. The x-ray shows the presence of intact bone distally to the abutment (Figure 13 ).
Since the blade is surrounded by healthy soft tissue ( Figure 14) and bone in addition to the blade size, there is optimal implant stability, which permits immediate loading. Additional documentation regarding this case is reported in Figures 15-18 second lower molars), in addition to a single-phase implant placed anteriorly to the mental foramen (total 54 implants). Two implants were immediately splinted with a soldered titanium bar and loaded with a fixed temporary prosthesis.
The same approach was employed in 27 mandibles, placing 27 implants of each type (for a total of 54 implants). In a patient with osteoporosis, the implant caused pain upon percussion; therefore, it was stabilised with a needle implant soldered to the blade. In two cases, the screw implants had to be replaced with implants with a larger diameter, which were then immediately loaded. The data presented in this study were as follows at the 2008 follow-up:
• 100% success rate for blade implants placed in the mandible and immediately loaded, or 96.2% success rate 19, 20 if the blade implant stabilised with a needle was classified as a failure.
• 93.1% success rate 20, 21 for the single-phase implants immediately loaded and laced in the second lower pre-molar area.
Similar results were obtained in another study by U. Pasqualini et al. 4 , who reported a success rate of 91% at 10 years for 386 blade implants placed between 1971 and 2009. The effectiveness of blade implants was documented in a 5-year multi-centric randomised study conducted by an independent group 22 . This study reported a 91.5% success rate for cases of partial edentulism treated with fixed dental prostheses on blade implants. Poor knowledge and improper use of this surgical-prosthetic device are the main reasons for their subsequent failure. Other studies underscored the advantages of the blades after failure of conventional root-form implants 23 . By comparing different implants placed in the same period, Knöfler et al. assessed the long-term reliability of blade implants 19, 24 . Other studies 20 contradict criticism on the impossibility of replacing a blade implant that failed to osteointegrate with a similar one. The long-term success of blade implants has been demonstrated by several clinical studies, and the literature shows that blade implants have a 41-year documented follow-up 21, 25 . Their osteointegration has been demonstrated by many histology papers 23, 26 and recently confirmed by a study conducted in 2011 18 . In a study published in 2012, Iezzi et al. 10 reported the results of a histology and istomorphometric analysis on 31 blade implants explanted after 2 to 23 years of loading, demonstrating that all of them were surrounded by mineralised tissues.
In 2012, Mangano et al. 27 proposed the customised selective laser sintering of implants for treatment of the posterior sectors of atrophic mandibles. Criticism of the lack of osteointegration which would be a common outcome with this technique, has invariably been proved wrong by authoritative histology studies 9, 23 .
Conclusion
The blade implant is an effective therapeutic device that is useful in the implant and prosthetic rehabilitation of severely atrophic ridges with a reduced trabecular component in the lower posterior sectors. In addition, its placement does not require a previous or concomitant grafting procedure, thus lowering the economic and biological costs. After proper training, implant placement is simple and morbility is close to negligible, making the use of blade implants a very versatile method.
The distally extended type can be employed in the posterior sectors, both upper and lower, while in the front aesthetic area and in the lateral sectors, the blade can be used when an alternative device would entail less predictable and more invasive procedures. The response of the soft tissues surrounding this type of implant is excellent.
Based on the data available in the literature, blade implants are not specifically indicated only for ridges of poorly mineralised and scarcely retentive D4 bone.
